Background: Various sprint interval training (SIT) programs have been used with athletes from a wide range of sports to evaluate its effects on physiological and performance adaptations. However, information regarding the effect of a short period of SIT on physiological adaptations of trained female futsal players is limited. Objective: This study evaluated the influence of sport specific SIT on anaerobic power and aerobic power in trained female futsal players. Method: Several aspects of V O2max and Wingate-based power were measured after SIT program performed for 4 weeks. Following pre-test, 16 trained female futsal players (V O2max = 41.21 ± 3.35 ml.kg-1.min-1) were randomized to either an intense exercise training consisting of sets of 5×40 meter maximum sprint efforts interspersed by a 10-second rest between sprints (3,4,5,6 sets/session from 1st to 4th week respectively with 3 minutes of recovery between sets), performed two sessions a week over 4 weeks (n=8) or a usual training control group (n=8). Results: Significant (except as shown) improvements (p < 0.05) after SIT were seen in: V O2max (5.8%), vV O2max (6%), V O2/HR (6.5%), peak power output (PPO) (7.6%), and mean power output (MPO) (14.9%), but no significant change was found in Heart rate at V O2max. Also, no significant enhancement in mentioned variables was found in the CON group. Conclusion: Present results indicate 4 weeks of sprint interval training program with low volume is associated with improvements in V O2max, vV O2max, V O2/HR, PPO, and MPO in trained female futsal players.
Introduction
Performing high-intensity "sprint"-type interval training (SIT) have been shown to improve variables associated with physiological function and performance over several weeks (Burgomaster et al., 2005) . The direction and magnitude of these adaptations in different variables depend on intensity and sprint frequency, recovery time between efforts, as well as duration of sprints (Burgomaster et al., 2005; Gist et al., 2014) . Coaches try to enhance the training effectiveness through modification of the intensity and duration of both the recovery phases and training. This optimization is based on the specific sport in which the participant competes (Sheykhlouvand et al., 2016) . Sprint interval training, in a variety of forms, has been used with cyclists, swimmers, runners, and rowers to examine the effects on physiological and hematological adaptations (Driller et al., 2009 ). However, information regarding the effect of a short period of SIT on physiological adaptations of trained female futsal players is limited. Futsal is a ball sport with two teams of five players. One of players is the goalkeeper and other 4 players act as outfield players). Each futsal team has 7 substitutes (a goalkeeper and six outfield players). During the official match unlimited substitutions can be made. This indoor soccer is played on a 40 × 20 m indoor hall with 3 × 2 m goals. The competition time is 2 periods of 20 minutes, and the timer is stopped for some events (Alvarez et al., 2009) . Although anaerobic energy production is the predominant energy system for highly intense activities with repeated efforts over short durations, aerobic power is key component for short-term recovery intervals during the match (Karahan, 2012) . In another study Barbaro-Alvarez et at (2008) in a competition analysis through monitoring of heart rate revealed that futsal is an intense intermittent sport with important demands on the anaerobic and aerobic metabolism. Games of small-sided (mainly 5 vs. 5) recently has been indicated as a valid type of training to enhance aerobic fitness in football. Thus, it could be concluded that trained futsal players may have a well-developed aerobic capacity as a secondary to training and match participation (Alvarez et al., 2009) . Hence, it is of practical interest for coaches to simultaneously improve these capacities in their athletes (Alvarez et al., 2009; Oliveira et al., 2013) . Moreover, futsal players most of the times need to be at peak performance for matches several times over a yearly training period and require a training program to get fitness in a short period. As lack of time is a universally cited barrier for performing some specific conditioning programs during heavy and prolonged schedule of competition among futsal players, the time-efficient dimension of SIT might have significant application for them to achieve competitive fitness in short time frame (Gist et al., 2014) . Like the nature of SIT, futsal players require to perform relatively intensive activities and more sprints during a match (Oliveira et al., 2013) . Hence, running-based SIT might be a sport-specific prescription for futsal to improve anaerobic power and cardiorespiratory fitness (Alvarez et al., 2009; Oliveira et al., 2013) . Accordingly, the purpose of our study was to determine whether 4 weeks of SIT would improve Flourishing Creativity & Literacy selected aerobic and anaerobic performance indices in trained female futsal players. It was hypothesized that runningbased SIT would provide sufficient stimulus to enhance aerobic and anaerobic performance adaptations.
Method

Participant
Sixteen trained female futsal players (age = 29.6 ± 2.1 years; height = 166.5 ± 6.1 cm; body mass = 57.4 ± 9.3 kg; BMI = 21.4 ± 1.1 kg·m -2 ; training experience = 6 ± 3 years) volunteered to take part in the experiment. Before the participation, the experimental protocols and probable risks were cleared fully to the participants written informed consent was received. Participants were randomly divided to an SIT group or control (CON) group using G*Power software (version 3.1.9.2) (α level = 0.05 and effect size = 0.08). Research Ethic Boards of Islamic Azad University of Borujerd approved this study, and the study conformed to the Declaration of Helsinki.
Procedures
The multi-stage 20-m shuttle run fitness test (20mMSFT).
This test was developed by Léger and Lambert (1982) and it has been used as a valid method for determination of V O2max. It involved running between two lines set 20 m apart at a pace dictated by a recording emitting tones at appropriate intervals. Velocity was 8.5 km·h-1 for the first minute, which increased by 0.5 km·h-1 every minute thereafter (Paradisis et al., 2014) . Achieved score by the subject was the number of 20-m shuttles completed prior to the subject either volitional withdrawn from the test, or fail to be within 3m of the end lines on two consecutive tones. Heart rates were continuously recorded throughout the test (Polar, Electro Oy, Finland). vV O2max (the minimal speed at which the participant was running when V O2max revealed) was assessed according to Paradisis et al. (2014) .
Anaerobic power.
Peak power output (PPO) and mean power output (MPO) were assessed by a 30-second all-out effort (Wingate test) on a cycle ergometer (894E, Monark, Sweden) against a resistance of 0.075 kg·kg-1 body weight (MacDougall et al., 1998) . The participants tried to get optimal comfort and pedaling efficiency. Participants reached maximum pedaling speed against the ergometer's inertial resistance over 2 seconds before the load was added and the electronic revolution counter was activated. Pedaling as fast as possible during the 30-second test, participants were verbally encouraged. Using a data-acquisition system, the 5 second PPO, and 30 second MPO were subsequently calculated (Farzad et al., 2011) .
Training program.
Training for both groups commenced ~48 hours after the last baseline measurements. The training program is presented in Table 1 . Both groups performed the same futsal training sessions including technique drills and tactic practice 4 times a week. In addition, both groups participated in 2 sessions of weight lifting training per week in 3 sets of 8 repetitions at 70% × 1 repetition maximum (movements including back squat, bench press, leg extension, bicep curl, and leg curl). The SIT group followed a running-based SIT program in addition to this training. Including sets of 5 40-m (futsal play area length) all-out efforts with a 10-second rest between sprints, this program was performed in 3 sessions a week. During initial week, 3 sets were completed, with a rest of 3-minutes between sets. One set was added in each subsequent week with the 3-minute recovert between each set. Each SIT session was started with a 10-minute warm-up and continued by sets (3-6) of 5 × 40-m all-out sprints with 3 minutes of rest between sets and then followed by a 10-minute cool-down period.
Statistical Analysis
All results are reported as mean ± SD. A two-factor mixed ANOVA, with the between factor "group" (training, control) and repeated factor "trial" (pre-training, post-training) was used to analyze of aerobic and anaerobic power data. Significant main effects or interactions were subsequently analyzed using a Tukey's post-hoc test. Level of alpha for statistical significance was set at p ≤ 0.05.
Results
Aerobic Power
After the 4-week training period, the change in V O2max in SIT group was significantly greater compared with the change in CON group (p = 0.04). V O2max was significantly increased by 5.8% in SIT group (p = 0.01) compared with pretraining, but no significant changes took place in CON group (p = 0.1) ( Table 2) . . Maximum oxygen uptake (V O2max), running speed at V O2max (vV O2max), heart rate at V O2max (HR@V O2max), and O2 pulse (V O2/HR).
* Significantly greater than pre-training value (p < 0.05). † Significantly different change compared with control group (p < 0.05).
There was a near-significant difference between changes in vV O2max in SIT and CON groups (p = 0.06). vV O2max was significantly enhanced from pre-to post-training by 6.0% in SIT group (p = 0.02), but not in CON group (p = 0.6) ( Table 2 ). The change in V O2/HR in the SIT group was significantly greater compared to the change in CON group (p = 0.01). V O2/HR significantly increased in the SIT group by 6.5% (p = 0.03) compared with pre-training, but no significant changes were seen in the CON group (p = 0.2) ( Table 2 ). SIT and CON did not significantly change HR@V O2max over time (p = 0.2 and p = 0.6, respectively) ( Table 2) . No pre-training difference was occurred between groups for aforementioned variables.
Anaerobic Power
After the 4-week training period, the change in PPO in SIT group was significantly greater compared with the change in CON group (p = 0.01). PPO was significantly increased by 7.6% in SIT group from pre-to post-training (Pre-training: 480.3 ± 33.8 vs. Post-training: 516.9 ± 44.8 W, p = 0.02), but no significant changes were observed in CON group from pre-to post-training (Pre-training: 489.2 ± 50.3 vs. Post-training: 500.7 ± 33.7 W, p = 0.3) (Figure 1 ).
There was a significant difference between changes in MPO in SIT and CON groups (p = 0.02). MPO was significantly enhanced from pre-training to post-training by 14.9% in SIT group (Pre-training: 383.7 ± 41.8 vs. Post-training: 440.9 ± 34.6 W, p = 0.01), but not in CON group (Pre-training: 396.5 ± 46.8 vs. Post-training: 415.3 ± 38.5 W, p = 0.1) ( Figure  1 ).
No pre-training difference was observed between groups for aforementioned variables. 
Discussion
The present study demonstrates that 4 weeks of low-volume, sprint interval training is a practical and time-efficient strategy to improve sport-specific physiological variables in trained female futsal players. SIT significantly improved V O2max, vV O2max, V O/HR, PPO, and MPO from pre-to post-training. Also, the percentage improvements in these variables (except vV O2max) were all significantly greater following SIT when compared with CON. V O2max is one of the primary determinants of aerobic endurance performance (Sheykhlouvand et al., 2016) . In line with our hypothesis, our participants revealed significantly higher relative V O2max compared with pre-training. Our findings support Rowan et al. (2012) who reported increases in V O2max after 5 weeks of running SIT (5 × 30 seconds all-out, 4.5 min recovery, twice a week) in female soccer players. In another study on trained individuals, Laursen et al. (2002) have demonstrated significant improvement in V O2max after 4 weeks of cycling SIT (12 × 30 seconds at 175% PPO, 4.5 min recovery). The enhancement of V O2max following SIT could be caused by both oxygen use by active tissues (i.e., increases in capillarization, local enzymatic adaptations, and mitochondrial density/volume) and oxygen delivery (i.e., increases in SV as higher V O2/HR recorded in our study) adaptations (Driller et al., 2009) . Because, previous studies indicated a significant relationship between SV and V O/HR (Laffite et al., 2003) , we can probably assume that the grater V O2max in the SIT group may in part be due to an increased SV. This supports previous researches (Farzad et al., 2011; Astorino et al., 2012) showing that SIT performed with different protocols improved V O2/HR over 3-4 weeks. On the other hand, it has been shown that sprint interval training improves enzyme activities of anaerobic and aerobic metabolism (Rodas et al., 2000; Burgomaster et al., 2005) . A limitation of the present study was no muscle biopsies were taken to directly determine muscle oxidative capacity. Collectively, along with aforementioned studies, our findings support the theory of Driller et al. (2009) who noted that the improvement of V O2max following intense interval training may be attributed to both peripheral and central adaptations.
vV O2max significantly increased following 4 weeks of SIT. These findings are in agreement with previous research reporting an enhancement in vV O2max (3 to 10%) after intense interval training in subjects of varying aerobic capacities (Esfarjani et al., 2007; Smith et al., 1999) . Neural adaptations (Creer et al.,2004) and improvements in running economy (Esfarjani et al., 2007) may be responsible for the improvement in vV O2max. The training in our experiment resulted in a significant increase in PPO and MPO. These results support previous studies (Burgomaster et al., 2005; Gibala et al., 2006) reporting an improvement in peak and mean anaerobic power following SIT (4-7 all-out 30-second Wingate trials with 4 minutes of recovery 3 sessions per week). Stangier et al. (2016) demonstrated that improving peak and mean power is necessary to enhance the kinetic energy at the start of a race. Over short distances, futsal players show considerable variations in speed. Thus, high power outputs and a well-developed anaerobic glycolytic energy system are important factors required to respond to changes in race pace during match. Increased proportion of muscle buffering capacity (Laursen et al., 2002b) , muscle phosphocreatine concentration (Farzad et al., 2011) , and adaptation in recruitment or activation of motor units (Van Cutsem et al., 1998) are possible explanations for our findings. A limitation of the present study could be the SIT group completed more training time than the CON group. Although training duration was not the same between groups, "duration" of very low-volume SIT program in a 4-week period (only ~25 minutes of very intense exercise) was unlikely large enough to affect such physiological changes alone. Hence, it is likely that other factors related to the nature of SIT (intensity, frequency, and duration of sprint efforts as well as the recovery time between each effort) contributed to the magnitude of these changes rather than the extra training time (~80-160 sec SIT/session) of SIT group compared with the CON group.
Conclusion
The present study showed that a 4-week sprint interval training program with improved V O2max, vV O2max, V O/HR, PPO, and MPO in trained female futsal players. Therefore, This SIT protocol could be considered as specific training programs to improve aerobic performance and anaerobic power in female futsal players under the conditions of the present study. As such training programs have a very low volume and high intensity, futsal players and their coaches can use this type of training prescriptions when they have to acquire several physical peaks over a yearly period, especially when the target is to enhance performance in a short period. 
